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Annual lifecycle assessmentAbstract A sustainable building is constructed of materials that could decrease environmental
impacts, such as energy usage, during the lifecycle of the building. Building Information Modeling
(BIM) has been identiﬁed as an effective tool for building performance analysis virtually in the
design stage. The main aims of this study were to assess various combinations of materials using
BIM and identify alternative, sustainable solutions to reduce operational energy consumption.
The amount of energy consumed by a double story bungalow house in Johor, Malaysia, and assess-
ments of alternative material conﬁgurations to determine the best energy performance were evalu-
ated by using Revit Architecture 2012 and Autodesk Ecotect Analysis software to show which of
the materials helped in reducing the operational energy use of the building to the greatest extent
throughout its annual life cycle. At the end, some alternative, sustainable designs in terms of energy
savings have been suggested.
 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.1. Introduction
Currently, concern about climate change and resource deple-
tion issues is increasing around the world. The building andconstruction sectors have been identiﬁed as one of the major
contributors to global environmental impact due to their high
energy consumption [1,2].
Energy consumption and greenhouse gas emissions to the
environment attributed to buildings are signiﬁcant contribu-
tors to this environmental impact. The consumption of opera-
tional energy by buildings has the single largest impact on the
environment [3]. The building sector accounts for about 40%
of total energy consumption and 38% of the CO2 emissions
in the U.S. [4]. About 27% of the emissions in Great Britain
are attributed to the building [5]. Thermal aspect of the
building operational energy is one of the key points to be
42 M.V. Shoubi et al.investigated since it has the main proportion of operational
energy consumption of the buildings. Every building is made
up of a series of component, which have a role in thermal
dissipation. The rate of energy dissipation in each of these
building components depends on design and environmental
conditions. But due to their sensitivity, they follow a
proportion. So, actions done in order to promote the quality
of buildings in terms of heat exchanges can lead to signiﬁcant
energy saving. Using appropriate thermal insulation can
reduce heating and cooling loads that not only leads to help
to the family economy, but also causes a reduction in
greenhouse gas emissions by reducing energy consumption.
The thermal building insulation materials and solutions
constitute one of the key ﬁelds [6].
Green buildings often include measures to reduce energy
consumption – both the embodied energy required to extract,
process, transport, and install building materials and the oper-
ational energy, i.e., the energy consumed during the in-use
phase of a building’s life to provide necessary services, such
as heating, cooling, and providing power for equipment. To
reduce the thermal aspects of energy consumption in the oper-
ational stage, high-efﬁciency windows and insulation in walls,
ceilings, and ﬂoors increase the efﬁciency of the building.
Reducing the use of operational energy should be the main
concern of architects who wish to design and build ‘‘green’’
buildings.
One of the relevant issues is implementing the traditional
planning environment in which energy and performance anal-
yses of buildings typically are performed after architectural
design has been completed and construction documents have
been produced.
Analysis of the energy consumption of buildings is a difﬁ-
cult task, because it requires considering the detailed interac-
tions between the building, the HVAC system, and the
surroundings (weather), as well as obtaining mathematical/
physical models that are effective in characterizing each of
those items. The dynamic behavior of the weather conditions
and building operation and the presence of multiple variables
require the aid of computers in the design and operation of
buildings that have improved performance from the stand-
point of reduced energy consumption. The disadvantage of
taking this approach is that the use of computer simulations
requires considerable amounts of detailed, input data and
time, even for experienced users [7].
The most effective decisions related to the sustainable
design of a building are those that are made in the pre-con-
struction and/or construction stages. Obviously, decisions
made after these stages lead to the inefﬁcient and expensive
process of retroactively modifying the design of the building
to achieve a set of performance criteria [8]. In order to realis-
tically assess the performance of a building in the early design
and pre-construction phases, access to a comprehensive set of
knowledge of a building’s form, materials, context, and techni-
cal systems is required.
Since Building Information Modeling (BIM) allows multi-
disciplinary information to be superimposed within one model,
it creates an opportunity for sustainability measures and
performance analysis to be performed throughout the design
process [8,9].
The main purpose of the study was to identify several
sustainable designs that can have positive effects on energy
saving and to evaluate the annual lifecycle performance of abuilding in terms of its thermal aspect of energy consumption
in the operational stage by using BIM, as well as by assessing
the conﬁgurations of local, alternative materials to determine
those that have the greatest impacts on building performance
by reducing the annual usage of operational energy, thereby
improving the energy efﬁciency of the building.2. Literature review
Many researchers have focused on the promotion of energy
efﬁciency in buildings. For example, Short et al. [10] reported
that natural ventilation was an effective strategy for enhancing
the energy efﬁciency of buildings. Jones-Lee and Loomes [11]
showed that a prior strategy with a beneﬁt–cost ratio measure
can lead to energy savings. Many of the previous studies
concentrated mainly on technical or design strategies [12].
Peippo et al. [13] used a numerical optimization procedure to
determine the optimal, building-design variables that would
result in the lowest lifecycle cost given certain project speciﬁca-
tions and an energy consumption target. They showed the
importance of considering the building as a complete system
to optimize the design variables simultaneously, since design
options are strongly coupled.
In daily practice, architects must meet the demands of their
clients and future building occupants for energy efﬁciency.
Moreover, most industrial countries now have building regula-
tions that enforce at least a basic set of energy conservation
measures. Sometimes, signiﬁcant efforts are made to encour-
age building design teams to do better than just meeting the
minimum requirements [14].
Several methodologies have been developed for estimating
energy consumption. Some of them are based on statistics,
while others are based on simulations [15]. In general, it is
accepted that weather data must be given careful attention
and consideration in forecasting the energy consumption of
buildings [16]. Papa et al. [17] proposed a normalized energy
use index (NEUI) based on a temperature function. They dis-
cussed the inﬂuence of weather variables, such as solar radia-
tion and air velocity, and concluded that the ambient
temperature has the greatest effect on energy consumption.
Computer-aided design (CAD) is the use of computer sys-
tems to assist in the creation, modiﬁcation, analysis, or optimi-
zation of a design [18]. BIM systems are the latest generation
of object-oriented, CAD systems in which all of the intelligent
building objects that combine to make a building design can
coexist in a single ‘project database’ or ‘virtual building’ that
captures everything that is known about the building.
Although BIM was developed in the mid-1980s, only recently
has its popularity increased within the architectural, engineer-
ing, and construction (AEC) industries.
In 1986, Graphisoft introduced its ﬁrst ‘‘Virtual Building
Solution’’ known as ArchiCAD [19]. This revolutionary
new software allowed architects to create virtual, three-
dimensional (3D) representations of their projects instead of
the standard two-dimensional (2D) objects found in compet-
ing CAD programs of the time. This was important because
architects and engineers then were able to store large
amounts of datasets ‘within’ the building model. These data-
sets include the geometry of the building and spatial data, as
well as the properties and quantities of the components used
in the design.
Reducing the operational energy demand in buildings using building information modeling tools and sustainability approaches 43Although BIM technology is still relatively new, those who
have used it have indicated that the creation of a 3D model
with associated information reduces design errors, improves
design quality, shortens construction time, and reduces con-
struction costs signiﬁcantly [20]. Due to these initial ﬁndings,
the popularity of BIM has grown tremendously in the past dec-
ade, and, as the popularity of BIM increases, the demand for
well-trained designers and construction managers with skills
in BIM technology also has increased [21].
Since 2007, the U.S. General Services Administration (GSA)
has required the use of BIM on all major projects, and,
although not required at this time, GSA is encouraging ‘‘exact
energy estimates in the design process’’ [8]. These regulations,
which often are implemented to reduce lifecycle costs, also can
have potentially signiﬁcant ﬁnancial implications for the
design, construction, and operating costs [22].
Ecotect, owned by Autodesk, Inc., is ‘‘a complete building
design and environmental analysis tool that covers the full range
of simulation and analysis functions required to the true under-
standing of how a building design will operate and do’’ [8]. The
analysis capabilities of the primary program include energy
analysis, thermal analysis, and lighting/shading analyses.
The present study focused on the methods implemented
through the design phase with the aid of BIM to evaluate var-
ious building components with different materials to mitigate
energy losses from the building, improve the building’s
performance in terms of annual operational energy consump-
tion, and identify some alternative, sustainable designs for
the case study building in terms of energy savings.
3. Research methodology
Since conventional bungalow houses are popular in Malaysia
due to its tropical weather, a double story bungalow house
located in Johor, Malaysia, was simulated by using Revit
Architecture 2012. It is the house’s annual operational energy
consumption was calculated through Ecotect Analysis. Since
Malaysia is a tropical country, no heating load was considered
in the calculation of annual operational energy consumption.
Those building’s components that have most impact on energy
dissipation have been investigated. Fig. 1 shows the amount of
energy dissipation in different parts of the building [23].
As shown in Fig. 1, some components, such as wall, win-
dows, door, ﬂoor and ceiling can lead to the most energy
dissipation.Figure 1 The amount of energy dissipation in different parts of
the building [23].The alternative changes in material compositions in the
mentioned components of the case study building were
examined to evaluate their effects on reducing the building’s
annual operational energy use. Subsequently, some alternative,
traditional, sustainable designs that could reduce energy
consumption were identiﬁed using 3D Max software. Fig. 2
illustrates the hierarchy of the study. According to Fig. 2, after
providing the drawing plans and materials speciﬁcations of the
case study building, the building is simulated in Revit
Architecture 2012 software. After simulation, for integrating
between Revit and Energy Modeling tool (Autodesk Ecotect
Analysis software), zones must be formed for creating various
parts of the building. Without creating zones in Revit architec-
ture, energy of the building’s various spaces cannot be mod-
eled. In fact, the ﬁle cannot be exported to Ecotect software.
After creating zones, for exporting the simulation ﬁle from
Revit to Ecotect, the gbXML based export way explained in
the next parts must be used. This is the way that can export
all building’s speciﬁcations deﬁned in Revit to Ecotect. By
choosing gbXML based export, some basic and necessary
assumptions for energy modeling such as location and types
of the building must be established. After considering essential
assumptions, the ﬁle is exported to the Ecotect software for
energy modeling and analysis. In Ecotect, after establishing
some additional assumptions, such as activity, type of system,
and environmental temperature range for comfort of the
building the baseline building annual operational energy use
is calculated. Then, some alternative materials to evaluate their
effects on annual operational energy consumption are
examined to establish a set of energy efﬁcient materials. In
the next step, some alternative, sustainable solutions are rec-
ommended for achieving a higher energy efﬁcient building.
4. Case-study building
As mentioned, a double story bungalow house was chosen as
the case study. It consisted of 400 m2 of a functional area,
including six bedrooms, ﬁve bathrooms, and two kitchens. It
was located in Johor, Malaysia. The construction material
was in situ, reinforced concrete, and the exterior walls were
plastered brick walls. The windows were double-glazed glass
with aluminum frames. Table 1 shows the components and
types of materials used, and Fig. 3 shows the building’s ﬂoor
plans and orientation. These materials are considered as the
study’s baseline design.5. BIM simulation
All speciﬁcations of building components were simulated in
Revit architecture software. As one of BIM tools, Revit archi-
tecture software can develop higher-quality, more-exact archi-
tectural designs [24]. Fig. 4 shows the perspective and 3D views
of the case-study building in two different elevations simulated
in Autodesk Revit architecture.
Revit architecture groups the building components by cat-
egories, families, and types. A category is a group of elements
that utilizes the model or documents a building design, and
families are classes of elements in a category. A family classiﬁes
elements with a common set of parameters, identical use, and
similar graphical representation [25]. After modeling, the
results from Revit must be exported to Autodesk Ecotect
Drawing plans and material 
specifications for the building
Simulation of the building 
using BIM tool (Revit 
Architecture 2012)
Zone for creating various parts 
of the building
gbXML based export
Suggesting some alternative 
sustainable solutions for the 
building (3D Max Software)Establishing basic and necessary assumptions for energy 
modeling
Integrating BIM tool with Energy Modeling Tool 
(Autodesk Ecotect analysis)
Large and high terraces with brick 
and/or straw reticular wall
Energy Modeling and analysis of the building through 
Ecotect Analysis software 
Using bamboo shade on the windows
Calculating the building annual operational energy use 
Reduction of the amount of windows 
to 15%
Using Unilateral wind deflectorExamining some alternative materials to evaluate their 
effects on annual operational energy consumption
Achieving a higher energy efficient buildingEstablishing a set of energy efficient materials based 
on investigated materials 
Figure 2 Hierarchy of the study.
Table 1 Types of materials used for each building component.
Component Type of materials
Walls Brick plaster
Windows Double glazed-alum frame
Roof Metal deck
Ceiling Plaster joists-suspended
Floor Concrete ﬂoor-tiles suspended
Doors Hollow core plywood
Figure 3 Floor plan and orienta
44 M.V. Shoubi et al.analysis software, one of the largest energy simulation tools
under the Autodesk umbrella, for energy modeling.
There are two types of imports to Ecotect, i.e., DXF and
gbXML-based export from Revit architecture software. DXF
is used primarily for geometry-based analysis, such as
over-shadowing, ventilation modeling, daylight analysis, and
external solar availability. The gbXML is based more upon
space-based concerns, such as thermal performance, solar radi-
ation, and energy demands. Based on the study and the type oftion of the case-study house.
Figure 4 Perspective and 3D views of simulated building in two different elevations.
Figure 5 Perspective of export gbXML.
Figure 7 Daily and annual visualizations of the sun’s path.
Reducing the operational energy demand in buildings using building information modeling tools and sustainability approaches 45analysis that is to be performed, gbXML-based export must be
chosen to import the simulated ﬁle from Revit architecture to
Ecotect analysis.
Before implementing the export process, rooms known as
zones must be produced to separate operational spaces of the
building required for energy simulation in Ecotect. The other
application of the room element is to specify the area and vol-
ume of the spaces. In addition to room setting within BIM
before exporting the energy model, the location and types of
the building must also be deﬁned, since they are signiﬁcant fac-
tors in energy use and can affect the amount of energy con-
sumed. Fig. 5 shows the perspective of an export gbXML ﬁle,
and the colors displayed in the model describe surface elements.
6. Energy modeling
After entering to Ecotect, it could be seen that it has the ability
to identify those elements simulated in Revit. It shows thatFigure 6 Spherical projection of the sun’s position.these software products can be integrated to facilitate simula-
tion and analysis. Before starting the analysis, we can evaluate
the building’s shadow on various days of the year and also var-
ious times of a speciﬁed day. First, weather speciﬁcation of the
building must be loaded based on its location, since different
locations have different sun paths and conclusively dissimilar
shadow positions. After considering the weather location of
Malaysia, the daily and annual sun path can be visualized.
This just allows the visual interpretation of exactly where the
sun is and its impacts on the various parts of the building
during different times of the day. It can also be helpful in
visualizing the building’s shadow throughout an entire day.
Figs. 6 and 7 illustrate the spherical projection of the sun’s
position and the sun’s daily and annual path on the building.
6.1. Analysis of solar energy absorption
Ecotect software can calculate how much solar energy will be
absorbed by the surfaces of the building, and this can be help-
ful, especially when photovoltaic (PV) systems are used in the
building in the shapes of solar panels to convert sunlight into
electricity. After the calculations, the shape of the building is
turned into a range of colors from yellow to blue, indicating
the greatest and least solar energy absorption by the surfaces
of the building.
Choosing the orientation is one of the effective issues that
should be considered for enhancing solar energy absorption,
and it is usually chosen during the preliminary design stage.
The best choice of orientation in terms of solar energy
absorption can lead to optimum solar energy absorption for
the building. The best and worst orientation for the absorption
of solar energy can be calculated through the Ecotect analysis
software. However, this optimization may not be applicable
Figure 8 Solar energy absorption by surfaces of the building
orientation.
Figure 9 Calculation of the best and worst.
46 M.V. Shoubi et al.due to various limitations, such as adjacent building position
and the environmental situation.
For the case study, this action was not applicable due to its
position and also to its being in the construction stage, but
considering it in this study can take the beneﬁts of BIM into
account. Figs. 8 and 9 show the degree of solar energy absorp-
tion by surfaces of the building in the speciﬁed orientation and
position, and the best and worst orientations of the buildings
for solar energy absorption are shown in yellow and red lines,
respectively. As shown in Fig. 9, the best and worst orienta-
tions were 37.5 and 127.5 from the north respectively. This
means that, if the building were rotated 37.5 from the north,
it would absorb the most solar energy which could be so efﬁ-
cient when it is needed in providing a proportion of building’s
necessary energy.
6.2. Analysis of annual operational energy consumption
In conducting the analysis, a few assumptions related to the
building zones were made. The building was divided into 20
zones, including ﬁve single bedrooms, one master bedroom,
two kitchens, ﬁve bathrooms, one dining room, and two family
rooms. It also was assumed that four people were going to live
in the building. The HVAC system of the building was a single-
room cooling system. For each zone, including bedrooms,
master bedroom, living room, family room, and kitchen, sepa-
rate air conditioning systems were to be installed. Table 2
shows various essential assumptions about each zone that were
considered for calculating the energy consumption of the
building with four inhabitants. After considering all assump-
tions and conducting the analysis of energy consumption, a
calculation was done to determine the amount of cooling
energy required to keep the temperature of the building
between 22 and 26 C. The energy consumption was deter-
mined based on the baseline design, including current material
speciﬁcations of the building. Then, alternative materials wereused to replace the baseline design to investigate their impacts
on reducing and/or increasing energy consumption. Finally, a
set of higher-performance materials was recommended for the
purpose of reducing the energy consumption of the building,
which will lead to decreases in the embodied energy and in car-
bon dioxide emissions.
6.2.1. Baseline design cooling energy consumption
As mentioned, the baseline design of the case-study house
involves brick plaster for the wall, double-glazed aluminum
frames for the windows, metal deck for the roof, concrete
ceramic tile for the ﬂoor, and hollow-core plywood for the
door. Fig. 10 shows the heating and cooling load required
for each month of the year. By considering all months, it
is seen that the energy used throughout the year to keep
the building’s temperature between 22 and 26 C based on
these materials was 17,600 kW h. As shown in Fig. 10, there
is just a cooling load for all months of a year due to the
location of the building in Malaysia, which is a very hot
and humid area. In Fig. 10, the blue and red colors repre-
sent the cooling and heating loads, respectively. It obviously
shows that there is just a cooling load for this building. In
fact, all months are warm in Malaysia. As can be seen,
the highest amount of energy consumption occurs in Decem-
ber, January, and February. On the other hand, energy con-
sumption in June and July is the lowest, at about 7000 and
10,000 W, respectively. In fact, all of these analyses are
based on a strong database in Ecotect analysis software in
which the weather speciﬁcations of all regions around the
world have been established.
Conduction is a factor that may have a large impact on the
loading values for the building. A breakdown of the passive
gains was acquired from Ecotect as a visual sign of the contri-
bution of each part of the building in load losses and gains.
Fig. 11 shows the impact percentages of various factors on
load losses and gains. It was calculated that, based on the base-
line building design, the role of conduction in load losses was
about 90%. It is clearly evident that conduction has the largest
impact on load losses. It might be possible to reduce this to
some extent by changing the materials.
Table 2 Basic assumptions of the zones in the analysis of energy consumption.
Zone Assumptions
Bedrooms Number of people involved for each bedroom: 1
Activity: sleeping – 40 wﬁ Average biological heat output
Type of system: cooling only
Environmental temperature range for comfort of the building: 22–26 C
Standard weekday: Mon–Friﬁ Operation duration: 9 h/day
Standard weekend: Sat and Sunﬁ Operation duration: 10 h/day
Master bedroom Number of people involved: 2
Activity: sleeping – 40 wﬁ Average biological heat output
Type of system: cooling only
Environmental temperature range for comfort of the building: 22–26 C
Standard weekday: Mon–Friﬁ Operation duration: 9 h/day
Standard weekend: Sat and Sunﬁ Operation duration: 10 h/day
Kitchen Number of people involved: 1
Activity: cooking – 95 wﬁ Average heat output
Type of system: cooling only
Environmental temperature range for comfort of the building: 22–26 C
Standard weekday: Mon–Friﬁ Operation duration: 4 h/day
Standard weekend: Sat and Sunﬁ Operation duration: 5 h/day
Bathroom Number of people involved: 1
Type of system: natural ventilation
Standard weekday: Mon–Friﬁ Operation duration: 1 h/day
Standard weekend: Sat and Suﬁ Operation duration: 1 h/day
Dining room Number of people involved: 4
Activity: 95 wﬁ Average biological heat output
Type of system: cooling only
Environmental temp range for comfort of the building: 22–26 C
Standard weekday: Mon–Friﬁ Operation duration: 2 h/day
Standard weekend: Sat and Sunﬁ Operation duration: 3 h/day
Living room Number of people involved: 4
Activity: 95 wﬁ Average biological heat output
Type of system: cooling only
Environmental temperature range for comfort of the building: 22–26 C
Standard weekday: Mon–Friﬁ Operation duration: 4 h/day
Standard weekend: Sat and Sunﬁ Operation duration: 6 h/day
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Figure 10 Monthly cooling load energy consumption.
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Brick plaster was replaced as the wall component of the building
by alternativematerials, such as concrete block plaster, concreteblock render, double brick cavity plaster, and framed plaster-
board to identify a material with better performance while
retaining the original structure of the building. Table 3 indicates
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Figure 11 Breakdown of passive gains of the building based on the baseline design.
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and the use of alternative materials as the wall component.
Table 3 indicates that Double Brick Cavity Plaster and
Reverse Brick Veneer as alternative materials would provide
the greatest reductions in annual operational energy consump-
tion, i.e., about 1000 kW h, if they were used instead of brick
plaster as the wall component. So, based on the data obtained,
double brick cavity plaster and reverse brick veneer are more
energy efﬁcient than the other alternatives, and framed plaster-
board is the least effective in terms of operational energy con-
sumption. Fig. 12 shows sections of each wall used in this
study. It shows that using a layer of insulation, such as ﬁber-
glass or rock and slag wool along with a thin layer of wood,
will have positive impacts on reducing energy consumption.
6.2.3. Modiﬁcation of the windows (Modiﬁcation 2)
As mentioned before, the windows component used for the case
study was double-glazed glass in aluminum frames. In this step,
other types of materials, including double-glazed glass in timber
frames, single-glazed glass in aluminum frames, and single-
glazed glass in timber frames are considered to investigate
how much this manipulation affects the overall operational
energy consumption of the building in a year. Table 4 demon-
strates the amount of operational energy consumption based
on the alternative materials that can be used as window
components.Table 3 Impact of the use of alternative materials of the
used annually.
Material
Baseline Brick plaster
Alternative Concrete block plaster
Concrete block render
Framed plasterboard
Double brick cavity plaster
Reverse brick veneerTable 4 shows that, by using double-glazed glass with tim-
ber frames instead of double-glazed glass with aluminum
frames, the annual operational energy consumption will be
decreased by about 800 kW h. Although the conductivity
impacts of both types are nearly the same, it indicates that
the timber is more energy efﬁcient than the aluminum in reduc-
ing the amount of energy consumption. Fig. 13 shows the sec-
tion of double-glazed glass windows with aluminum frames.
6.2.4. Modiﬁcation of the ﬂoor (Modiﬁcation 3)
In this study, two alternative components are contemplated for
the ﬂoor, i.e., Concrete Floor-Timber Suspended and Timber
Floor Suspended. So, the Concrete Floor-Tiles Suspended
was replaced by these types of materials to investigate their
capability for reducing energy consumption. Table 5 shows
the annual operational energy consumption used based on
the three types of constituents used for the ﬂoor. As shown,
there was about 1000 kW h difference between the baseline
ﬂoor and the two alternative ﬂoors. So, in terms of energy con-
sumption, it is apparent that the tile material is more energy
efﬁcient than timber in this composition.
As mentioned, it can be seen that, by substituting timber
instead of tile as an alternative in the study, the operational
annual energy consumption increased. So, the baseline compo-
nent of the ﬂoor was more energy efﬁcient than the alternative
materials. Fig. 14 indicates that the section of concretewall component on the amount of operational energy
Annual operational
energy consumption (kW h)
Annual electricity
price (USD)
17,600 1770
17,360 1730
17,530 1750
20,600 2070
16,600 1670
16,600 1670
(a) Brick plaster wall (b) Concrete block plaster wall
(c) Concrete block render wall (d) Framed plaster board wall
(e) Double brick cavity plaster wall (f) Reverse brick veneer wall
Figure 12 Sections of different wall components in this study.
Table 4 Impact of alternative materials as window components on amount of annual operational energy usage.
Material Annual operational energy
consumption (kW h)
Annual electricity
price (USD)
Baseline Double-glazed glass with aluminum frames 17,600 1770
Alternative Double-glazed glass with timber frames 16,800 1680
Single-glazed glass with aluminum frames 19,650 2000
Single-glazed glass with timber frames 19,200 1920
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ﬂoor. One thin layer of ceramic tiles and plaster board were used
for the inside and outside layers of the ﬂoor, respectively, and a
thick layer of concrete and an air gap were used in the ﬂoor.
6.2.5. Modiﬁcation of the door (Modiﬁcation 4)
Four different options, i.e., solid core pine timber, solid core
oak timber, glass sliding door, and Foam-Core Plywoodwere considered as substitutes for the hollow-core plywood
door. Table 6 indicates the various values of annual opera-
tional energy consumption based on these various materials.
There was very little difference in terms of energy consump-
tion for the materials. Nevertheless, the glass sliding door
produced an annual savings of about 50 kW h, so it can
be deemed to be the most energy efﬁcient of the alternatives.
In these situations, various issues, such as economics and
Figure 13 Section of double-glazed glass windows with an aluminum frame.
Table 5 Impact of alternative types of ﬂoors on operational energy consumption.
Material Annual operational energy
consumption (kW h)
Annual electricity
price (USD)
Baseline Concrete ﬂoor-tiles suspended 17,600 1770
Alternative Concrete ﬂoor-timber suspended 18,500 1850
Timber ﬂoor suspended 18,600 1870
Figure 14 Section of concrete ﬂoor-tiles suspended.
Table 6 Impact of alternative types of doors on operational energy consumption.
Material Annual operational
energy consumption (kW h)
Annual electricity
price (USD)
Baseline Hollow-core plywood door 17,600 1770
Alternative Solid-core pine timber 17,550 1755
Solid-core oak timber 17,550 1755
Glass sliding door 17,500 1750
Foam-core plywood 17,600 1770
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The other matter is that using polystyrene foam in the foam-
core plywood instead of the air gap in the hollow-core ply-
wood door would not be effective in reducing energy
consumption.
6.2.6. Modiﬁcation of the ceiling (Modiﬁcation 5)
By using insulation in the ceiling, the annual operational
energy consumption was reduced by about 1500 kW h, consid-
erably more than reductions achieved by the other modiﬁca-
tions. Table 7 demonstrates the annual operational energyconsumption based on two different compositions of materials
in the ceiling.
6.2.7. Modiﬁcation of the temperature of the HVAC system
(Modiﬁcation 6)
If the temperature of the HVAC system is adjusted properly, it
can be one of the most effective ways of reducing the building’s
energy consumption. Even raising the set temperature by only
one degree can reduce the number of kilowatt-hours used
annually by a signiﬁcant amount. Table 8 indicates how
increasing the set temperature by just one degree higher than
Table 7 Impact of alternative types of ceiling materials on operational energy consumption.
Material Annual operational
energy consumption (kW h)
Annual electricity
price (USD)
Baseline Plaster joists-suspended 17,600 1770
Alternative Plaster insulation-suspended 16,100 1600
Table 8 Impact of changing building’s indoor temperature on operational energy consumption.
Indoor temperature range Annual operational
energy consumption (kW h)
Annual electricity
price (USD)
Baseline 22–26 C 17,600 1770
Alternative 23–27 C 15,250 1535
Table 9 Annual energy consumption based on combining all of the modiﬁcations.
Overall modiﬁcations Annual energy
consumption (kW h)
Annual electricity
cost (USD)
Building components Walls Reverse brick veneer 12,850 1270
Windows Dbl glazed timber frame
Floor Not changed
Doors Glass sliding door
Ceiling Plaster insulation-suspended
Indoor temperature 23–27 C
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annual energy consumption by 2350 kW h.
6.2.8. Overall modiﬁcation
After investigating the modiﬁcations of each component, the
implications for annual operational energy consumption
resulting from the combination of all of the modiﬁcations were
investigated. Table 9 shows the annual operational energy con-
sumption based on the combination of all of the modiﬁcations,
i.e., that the combination has the potential for saving about
4750 kW h annually.
7. Architectural measures to achieve the best energy savings
The strategy used for choosing and deploying insulation in
the building and its relation to the comfort of the occupants
requires careful consideration of the ways that energy is
transmitted, including its directions and intensity. This may
change during the day and/or from season to season.
Among the relevant issues, materials used rank high, but
the most signiﬁcant issues are the proper design and combi-
nations of these materials, where they are placed, and their
application on forms that are suitable and consistent with
the climate. In this way, we are able to achieve the most efﬁ-
cient way possible for insulating the living space and making
it comfortable for the residents. To achieve a sustainable
form, we must, to the extent possible, ensure that harmony
is established between the forms of materials that are used
and the surrounding, natural environment. Forms that are
harmonized and aligned with the natural environment can
obtain some of their energy from nature, allowing harmoni-
ous co-existence of people, their dwelling places, and nature.Forms that move in contrast to the natural surroundings
will have to expend extra energy, much like a ﬁsh that is
swimming against the ﬂow of the stream.
8. Some effective, sustainable solutions for the case-study
building in terms of energy savings
According to Ko¨ppen climate classiﬁcation system [26],
Malaysia is in group A, tropical rainforest climate where all
12 months have average precipitation of at least 60 mm and
time of lower sun and shorter days may have more rain.
The climate is warm with high humidity and stable air.
Since the humidity is usually as high as 90%, the ‘hot and
humid’ title can be used in this area.
The case-study building, which had an annual operational
energy consumption of about 17,600 kW h, demonstrates the
importance of developing a principled design that includes,
for example, opening standards, proper ventilation, and
shadowing.
These aspects have been considered in the traditional archi-
tecture of this region for achieving comfortable space in houses
and buildings. And the indigenous people have found solutions
that have allowed them to achieve appropriate space in this
region over a long time. Sometimes, tradition offers the best
design solutions and uses local materials in the most efﬁcient
and effective manner. And, in the present day, it is more
important than ever that we pay attention to these solutions
and architectural patterns if we are to achieve sustainable
buildings.
The following solutions can be used in the architectural
phase of the development of this building to help save energy
when the building is completed:
Figure 15 Large terraces and reticular walls in the building.
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reticular walls to create shadows, particularly in front of the sun
In this building, we see terraces on the east and west sides of
the building. The east and west orientation is due to the fact
that the low angle of the sun on the horizon has warmer air
and dazzling light. For this reason, it is difﬁcult to sit comfort-
ably in this place. To make it more comfortable and usable,
reticular walls can be used to create shadows in this space
and to cause the wind to blow, cooling the area somewhat.
Fig. 15 shows the form of the reticular walls designed for the
terrace of the building.
8.2. Using shade on the windows to decrease the penetration of
sunlight into the living spaces
This projection was made of bamboo, which is abundant in
this area and is a light and traditional material of this region.
Fig. 16 illustrates the form of these shades for the windows.
Sunlight penetrates into space in two ways, i.e., directly and
indirectly. Direct penetration occurs in the form of the sun-
light’s entering the space directly without any intermediate
obstruction or buffer to prevent its entry. Indirect penetrationFigure 16 Shadin
Figure 17 Use of window shades to reduce the penetratoccurs through the reﬂection of the sun from glossy and semi-
glossy objects around the windows. Green plants can be placed
in the shade to absorb and reﬂect sunlight, thereby preventing
it from heating the space. Fig. 17 shows how a window shade
can affect the penetration of sunlight into the space inside the
building during warm and/or cold seasons.
8.3. Reduction of the amount of windows to 15% of the building
The windows are elements of the building that facilitate the
ventilation of the building, allow light to enter, and provide
a way for the occupants to see outside the building. And com-
mensurate with the value of the building, the type of glass and
the way it is framed can contribute to wasting energy in build-
ings. On average, 10–20% of the energy loss in a house is
attributable to the windows [27]. For minimizing energy waste
and providing common lighting, having the windows make up
just 15% of the area of the building is adequate [27]. Consid-
ering that the test-case building had an area of 400 m2, the win-
dows should occupy about 60 m2. However, as designed, the
windows in this building occupy about 30% of the area of
the building, i.e., about 120 m2. Thus, this excessive area
devoted to windows can cause increased energy consumption.g the windows.
ion of sunlight into the building in different seasons.
Figure 18 Unilateral wind deﬂector in the central part of the building.
Figure 19 Movable valves used at the top of the wind deﬂector.
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of this region
Wind deﬂectors can be used to provide ventilation and air ﬂow
in buildings in this region. Different types of wind deﬂectors
are used for different weather conditions. Unilateral wind
deﬂectors for the suction of internal air are one of the best
types in use in this area. The opening of this type of wind
deﬂector is placed upwind to offer suction properties so that
air will enter the building. Fig. 18 shows the position and shape
of the wind deﬂector.
Because of the high ceiling in this space, hot air, due to its
lower density rises and exits from the building. The part of the
wind deﬂector that opens is composed of two components, i.e.,
a movable panel and mesh. The movable panels are controlled
electrically by residents, and they can be closed when the air is
not needed. Metallic or plastic mesh is installed after the panel
to prevent the entry of animals and foreign objects into the
space. Fig. 19 illustrates how the wind deﬂector works.9. Research analysis
The main purpose of this paper was to investigate the potential
of BIM in assessing the effectiveness of different combinations
of materials in various components of the building to decrease
the annual operational energy consumption of the building.
The paper also suggested some sustainable solutions that have
been proven to be effective in reducing the energy consumption
of the building. In fact, this study showed that considering tra-
ditional practices, as well as new technologies, can be an effec-
tive approach.
After the essential data required for the simulation had
been gathered and after importing the data to the energy
analysis software, the building was simulated using the
BIM tool, and the annual energy consumption of thebuilding was estimated. The modiﬁcations included various
components, such as the walls, windows, door, ceiling, and
the indoor temperature. Also, the individual modiﬁcations
were combined to determine the overall effect of all of the
modiﬁcations, and this effect was compared with the results
acquired in the baseline design. The annual amount of energy
used for baseline design was determined to be about
17,600 kW h. The results of the study indicated that the use
of alternative materials, such as double-brick and reverse-
brick veneer, timber, concrete ﬂoor-tiles, plaster insulation,
and glass in the components of the walls, windows, ﬂoors,
ceilings, and doors, respectively, was more energy efﬁcient
than the other materials investigated. Thus, they could have
a signiﬁcant, beneﬁcial role in reducing the building’s opera-
tional energy requirements. It was apparent that the annual
amount of the building’s energy could be reduced to
12,580 kW h by replacing the baseline design with a carefully
designed, alternative design. In material modiﬁcation, the
economic aspects are one of the most important issues that
must be taken into consideration by contractors and/or cli-
ents. In doing so, considerable energy can be saved during
the building’s lifecycle, resulting in reducing operational
energy usage and CO2 emissions, thereby contributing to
the achievement of a sustainable, green building.
Concerning architectural design, it became apparent that
we could increase the comfortable space available in the build-
ing by using some of the traditional patterns of this region that
have been developed by the indigenous people over many dec-
ades. This comfort is considered as a strategy in sustainable
architecture, so it can be concluded that we can achieve sus-
tainable architecture and also achieve sustainability by inte-
grating the traditional patterns of this region with the
architecture of the building. As shown in this paper, these tra-
ditional patterns use large, high terraces with brick and/or
straw reticular walls, bamboo shade on the windows, reduce
the area of the windows to 15% of the total area, and use
54 M.V. Shoubi et al.unilateral wind deﬂectors, many of which could be beneﬁcially
applied to the case-study building, making it more sustainable.
10. Conclusions
A study of the application of BIM for the case-study building,
which was a sample of single, residential, house, was con-
ducted. The results of the study will be useful to architects
and building designers as they use the BIM concept to develop
more energy-efﬁcient buildings in the future with the goal of
achieving sustainable development for society. Government
should provide incentives for designers and engineers to use
the BIM tool, speciﬁcally in the pre-construction stage, to
investigate problems that are likely to occur in the future so
they can deal with such problems in the preliminary stage.
Education and training also are signiﬁcant factors that should
be taken into account by government for improving BIM in
each society.
Building simulation and investigating the performance of
the building virtually in the pre-construction and/or even dur-
ing the construction stage will help decision makers, designers,
engineers, and architects to select speciﬁcations with the least
detrimental impact to the environment. In the building con-
struction sector, BIM can be beneﬁcial to building designers
in determining the best building orientations and designs. In
the design and pre-construction stages, the Building Informa-
tion Model (BIM) should be taken into account as a compre-
hensive simulation method that can be used to create
opportunities to assess and improve the performances of build-
ings. This integration of the BIM concept into the design stage
can and be used to select the best green building designs and
reduce the need for later design modiﬁcations that require
extra time and cost. Efforts to prevent adverse environmental
impacts and to minimize energy costs are beginning to show
beneﬁcial effects in terms of more efﬁcient and sustainable
building designs, improved building performance, and minimi-
zation of environmental risks. In addition to BIM technology
as an effective solution, the use of various architectural
solutions can be helpful in reducing energy consumption. So,
BIM planners and architects should cooperate in the pre-
construction stage to achieve the best sustainable solutions.
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